. This information Platelet transfusion is a very common lifesaving medisuggested a method for preserving the discoid shape cal procedure. Not widely known is the fact that plateof chilled platelets, using a cell-permeable calcium chelets, unlike other blood cells, rapidly leave the circulalator to blunt the calcium rise and cytochalasin B to tion if refrigerated prior to transfusion. This peculiarity prevent barbed end actin assembly, and these comrequires blood services to store platelets at room tempounds keep human platelets discoid in the cold (Winoperature, limiting platelet supplies for clinical needs.
the cold-induced shape change per se was responsible lets (Becker et al., 1973) . Also consistent with the earlier reports, we observed that the relatively small number of for the rapid clearance of chilled platelets. The belief is that irregularly shaped platelets, deformed by cooling, chilled transfused platelets remaining in the circulation after the initial clearance phase disappear at the same become entrapped in the microcirculation. We report here, however, that even discoid platelets clear rapidly rate, or even somewhat slower, than RT platelets. We have no definite explanation for these findings, but posfrom the circulation of mice. This information and other evidence that misshapen platelets can circulate fairly sibilities are that the clearance mechanism becomes saturated or else that a small number of platelets are normally (Berger et al., 1998; Michelson et al., 1996) led us to seek other mechanisms responsible for the rapid resistant to cold modification. Figure 1C shows that the organ destinations of RT clearance of chilled platelets.
We have shown that cooling platelets rearranges the and chilled mouse platelets differ. Whereas RT platelets primarily end up in the spleen, the liver is the major surface configuration of glycoprotein Ib (GPIb), a major platelet adhesion receptor that binds activated forms of residence of chilled platelets removed from the circulation. A greater fraction of radionucleotide detected in the von Willebrand factor (vWf) deposited at sites of vascular injury. In response to cooling, the GPIb␣ subunit of kidneys of animals receiving 111 Indium-labeled chilled compared with RT platelets at 24 hr may reflect the the vWf receptor complex clusters and becomes targeted for recognition by CR3 highly expressed on liver degradation of chilled platelets and delivery of free radionuclide to the urinary system. One hour after injection, macrophages, leading to platelet phagocytosis and clearance. Cooling, however, does not grossly impair the organ distribution of CMFDA-and 111 Indium-labeled platelets was comparable. In both cases, 60%-90% of the interaction between GPIb and activated vWf, implying that the hemostatic and clearance functions of the chilled platelets were deposited in the liver, 10%-20% in the spleen, and 10%-25% in the lung. In contrast, GPIb are distinct.
As the temperature falls below 37ЊC, platelets become 25% of the infused RT platelets distributed equally among the liver, spleen, and lung. more susceptible to activation by thrombotic stimuli, a phenomenon we term "priming" (Faraday and Rosenfeld, 1998; Hoffmeister et al.
, 2001). Such priming may
Chilled Mouse Platelets Colocalize with Liver be an adaptation to limit bleeding at lower temperatures Kupffer Cells of body surfaces where most injuries occurred throughThe clearance of chilled and rewarmed platelets by the out mammalian evolution. We propose that the hepatic liver and the evidence for platelet degradation is consisclearance system's purpose is to remove repeatedly tent with their ingestion by Kupffer cells, the major primed platelets. Consistent with this theory, platelet phagocytic scavenger cells of the liver. Figure 1D shows counts of WT but not of CR3 null mice exposed to cold the location of Kupffer cells and adherent chilled temperatures rapidly fall. Since the conformational CMFDA-labeled platelets in a representative confocalchanges in GPIb␣ that promote this clearance do not micrograph of a mouse liver section 1 hr after transfuaffect GPIb␣ ' Figure 1A ). In contrast, approximately twodiator of antibody-independent clearance by hepatic thirds of platelets chilled at ice bath temperature (Cold) macrophages. Figure 2A shows that chilled platelets before injection rapidly disappear from the circulation circulate in CR3 Ϫ/Ϫ mice with the same kinetics as RT as observed previously (Becker et al., 1973; Berger et al., platelets, although the clearance of platelets is faster in 1998). Chilled platelets treated with the cell-permeable the CR3 Ϫ/Ϫ mouse compared to that in wild-type (WT) calcium chelator EGTA-AM and the actin filament mice ( Figure 1A ). Chilled and rewarmed platelets also barbed end capping agent cytochalasin B (Cold ϩ Cyclear rapidly from complement factor 3 Ϫ/Ϫ mice (Figure toB/EGTA) to preserve their discoid shape (Winokur and 2C), missing a major opsonin that promotes phagocytoHartwig, 1995), left the circulation as rapidly as chilled, sis and clearance via CR3, and from vWf Ϫ/Ϫ mice (Figuntreated platelets despite the fact that these chemically ure 2B). treated platelets were fully functional as determined by thrombin-, ADP-or collagen related peptide-(CRP) induced aggregation in vitro ( Figure 1B) . The recoveries Chilled Mouse Platelets Adhere Tightly to Kupffer Cells In Vivo of infused platelets immediately following transfusion were 60%-70%, and the kinetics of disappearance were
The ratio between chilled and RT stored adherent platelets infused simultaneously was determined. sis after chilling by ‫%89ف‬ ( Figure 5C ). Ϫ/Ϫ mice followbut not completely reversed by rewarming, and reing ex vivo stimulation by thrombin. Third, CM-Orange warmed platelets remain more spherical than discoid. labeled platelets chilled and rewarmed were fully capaThe idea that preservation of discoid shape is a major ble of upregulation of P selectin in response to thrombin requirement for platelet survival has been a dogma, deactivation ( Figure 6E ). In addition to these experiments spite evidence that transfused murine and baboon platein which we reacted platelets with maximal concentralets activated ex vivo by thrombin circulate normally tions of agonists, we have used 10-and 100-fold lower with extensive shape changes ( Although publications have referred to effects of cold different enzymes, O-sialoglycoprotein endopeptidase and mocarhagin, that target the extracellular domain of on platelets as "activation", aside from cytoskeletally mediated shape changes, chilled platelets do not resemmouse and human GPIb␣ respectively, had identical effects on CR3-mediated platelet recognition that supble platelets activated by stimuli such as thrombin or ADP. Normal activation markedly increases surface P ports the specificity of the enzyme treatment approach for removal of GPIb␣. We propose, therefore, that GPIb␣ selectin expression, a consequence of secretion from intracellular granules (Berman et al., 1986) . Chilling of is the counter-receptor on chilled platelets for liver macrophage CR3 leading to their clearance by phagocyplatelets does not lead to upregulation of P selectin, and the clearance of chilled platelets isolated from WT tosis. The normal clearance of chilled platelets lacking the or P selectin Ϫ/Ϫ mice is equally rapid (Berger et al., 1998) . ., 1998) . The amputated tail was immersed at 10 g/ml for 1 hr, followed by one incubation with 10 nm gold in 100 l of saline at 37ЊC containing 0.1 volume of Aster-Jandl conjugated goat anti-rat IgG. The coverslips were washed, fixed anticoagulant, shedding blood was collected for 2 min and fixed with 1% glutaraldehyde, and prepared for electron microscopy as with 1% paraformaldehyde (final concentration). Peripheral blood described (Kovacsovics and 
Statistics Immunolabeling and Flow Cytometry of Platelets
The intravital microscopy data are expressed as means Ϯ SEM. Washed murine or human platelets were analyzed for surface exGroups were compared using the nonpaired t test. P values Ͻ 0.05 pression of CD62P, CD61, or surface bound IgM and IgG after chillwere considered significant. All other data are presented as the ing or RT storage by staining with fluorophore-conjugated Abs (5 mean Ϯ SD. g/ml) for 10 min at 37ЊC. Phosphatidylserine exposure by chilled or room temperature platelets was determined by FITC-conjugated
